SUMMARY Thirty-two patients with diarrhoea, on average four years following truncal vagotomy and drainage, were studied. A comparison was made with 24 patients without postvagotomy diarrhoea. The incidence of bacterial colonization of the upper small intestine was no different in the two groups, though patients with a gastroenterostomy had a significantly higher incidence than those with a pyloroplasty. There was a higher incidence of 'anaerobic colonization' in patients with diarrhoea, but statistical significance was not reached.
bowel habit in patients with and without diarrhoea following truncal vagotomy and drainage.
Methods
Diarrhoea was defined as the daily or episodic passage of loose, frequent bowel motions associated with a degree of urgency. Thirty-two patients who had diarrhoea following elective surgery for chronic duodenal ulcer were studied: in eight (25%) the diarrhoea was a daily occurrence, and in 24 (75 %) it was episodic in nature. Each patient had had a bilateral truncal vagotomy; in 16 patients (13 male, three female, mean age 44.6 years) this was combined with a Heineke-Mikulicz pyloroplasty, and in the other 16 patients (11 male, five female, mean age 45.8 years) with a retrocolic gastroenterostomy. Surgery had been performed on average 4-1 years (range 0.75 to 13 years) previously.
Twenty-four patients, who also had had elective surgery for chronic duodenal ulceration but in whom the symptom of diarrhoea was not elicited, were also studied. Each patient had had a bilateral truncal vagotomy, and in 12 patients (all male, mean age 47 years) this was combined with a HeinekeMikulicz pyloroplasty, and in the other 12 patients (11 male, one female, mean age 48 years) with a retrocolic gastroenterostomy. Surgery had been performed on average 1-5 years (range 0.75 to 2.4 years) previously.
The following investigations were performed in all patients: (1) The bacterial flora of the upper small intestine was assessed by the culture of contents aspirated via an orally passed polyethylene tube which had been guided into the upper small intestine under radiological control. Samples were aspirated from the patient in the fasting state, and at half an hour and at one hour following the ingestion of a cup of tea and a slice of buttered toast. No patient was on antibiotic therapy at the time of the study.
(2) The bowel habit had been recorded before operation, and regularly on follow up at the routine outpatient attendances. Patients with diarrhoea were classified according to the severity of the diarrhoea using a modified Visick grading (Visick, 1948 Hollander's criteria (Hollander, 1948) , had been performed seven to 10 days postoperatively.
The following additional investigations were performed on the patients complaining of diarrhoea. A biopsy of the small intestine was taken at the time of intestinal intubation and examined under the dissecting microscope and subsequently under the light microscope. The serum calcium, phosphate, and proteins were estimated. The faecal fat excretion was estimated from a three-day total collection while the patient was on a normal diet at home (van de Kamer, 1958 (Cruikshank, 1968) , and phenyl ethyl alcohol tomato juice boiled blood agar (Buchan and Gould, 1967) . Identification of the isolates was confirmed according to Bergey's 'Manual of determinative bacteriology ' (Bergey, 1957 In the 32 patients with diarrhoea there was no feature to distinguish the eight with daily diarrhoea (fig 3) .
INCIDENCE OF COLONIZATION
The incidence of colonization in patients with diarrhoea was 31 % (ten of 32), which was similar to that of 33 % (eight of 24) in those without diarrhoea. More of the patients with diarrhoea (three of ten) were colonized with anaerobic organisms than those without diarrhoea (one of eight), but the difference did not reach statistical significance. Three of eight (38 %) patients with daily diarrhoea were colonized, which was essentially similar to the incidence of colonization of seven of 24 (29%) with episodic diarrhoea.
Although the mean time since operation was 4.1 years in those with diarrhoea compared with 1.5 years in those without, there was no evidence to suggest that the incidence of colonization was related to the length of time since operation, as the mean time since operation of 3.5 ± 07 years (mean ± 1 standard error) in patients from both groups who were colonized was similar to 3.2 ± 0.5 years in those who were not. Table I shows the incidence analysed according to the drainage procedure, as this has been shown to influence the incidence of colonization (Browning, MacKay, and Buchan, 1969) . In patients without diarrhoea there was a significant difference (p < 0 05) in the incidence of colonization in that 58% (seven of 12) of those with a gastroesterostomy were colonized compared with only 8% (one of 12) of those with a pyloroplasty. In patients with diarrhoea, 44% (seven of 16) of patients with a gastroenterostomy were colonized compared with 19% (three of 16) of those with a pyloroplasty (p < 0.1). There was a higher frequency of colonization with anaerobic organisms in diarrhoea patients, and this was seen to be more often associated with a gastroenterostomy.
CORRELATION OF COLONIZATION AND VISICK GRADING OF DIARRHOEA
Of the 32 patients with diarrhoea, in 17 (53%) the symptoms were graded Visick II, in 13 (41 %) patients Visick III, and in two (6 %) patients Visick IV. Those with daily diarrhoea were more inconvenienced, in that of the eight patients, four were graded Visick III, and one graded Visick IV. Mean grams/day ± 1 standard error colonization. The faecal fat excretion in the 32 diarrhoea patients was 6-5 ± 0.9 g per day (mean ± 1 standard error). The faecal fat excretion was 4.6 ± 1-2 g per day in the eight patients with daily diarrhoea compared with the level of 7.2 ± 1-2 g per day in the 24 patients with episodic diarrhoea. The drainage procedure did not significantly influence the level, which was 8-0 ± 1-4 g per day in the 16 patients with a gastroenterostomy, and 5-0 ± 1.7 g per day in the 16 with a pyloroplasty. The 22 non-colonized patients had a level of 7-2 ± 1-3 g per day, and the 10 colonized patients 5-2 ± 1-2 g per day. Of the colonized patients, six with 'coliform colonization' had a level of 4-6 ± 1.1 g per day, and four with 'anaerobic colonization' 6-0 ± 2-7 g per day. None of these differences achieved statistical significance. Although the mean daily faecal fat excretion for the 32 patients with diarrhoea was within normal limits, 13 patients had levels exceeding 7 g per day, which was the upper limit of our accepted normal range. In eight patients the level was between 7 and 14 g per day, in four between 7 and 21 g per day, and in one patient it was over 21 g per day. In the 17 patients graded Visick lI the level was 6-6 ± 1-2 g per day, in the 13 graded Visick III, 6-0 ± 1-5 g per day, and in the two graded Visick IV it was 11-3 g per day. There was, however, no correlation between the grade of severity of the diarrhoea and the mean faecal fat excretion.
BODY WEIGHT
Despite the diarrhoea there was no significant weight change in patients with diarrhoea whose body weight of 63-2 ± 1-9 kg (mean ± 1 standard error) was no different from their preoperative weight of 62-9 ± 2-7 kg. This was also similar to the weight of the control patients of 62-1 ± 2-5 kg postoperatively and 61-2 ± 2-1 kg preoperatively. In addition, the patients with daily diarrhoea had a postoperative weight of 61-8 ± 6-6 kg compared with 64-3 ± 9-1 kg preoperatively.
HAEMATOLOGY
The mean values of the haematological investigations of the 32 patients with diarrhoea, shown in table IV, were within normal limits. In particular, the mean values of the patients who were colonized, either with coliform or anaerobic organisms, showed no departure from normal values.
Although these mean values fell within normal limits, two postmenopausal female patients had a hypochromic microcytic anaemia. In the first patient the haemoglobin level was 7-9 g%, the serum iron saturation 5 %, and the serum vitamin B12 and red cell folate levels normal. In the second, the haemoglobin level was 10-3 g%, the serum iron saturation 12%, the serum vitamin B12 low normal, and the red cell folate normal. Neither had a history of gastrointestinal bleeding or salicylate ingestion. Their levels of faecal fat excretion were 5-3 and 9 g per day respectively. Both patients had diarrhoea following truncal vagotomy and gastroenterostomy five years previously and in each patient the upper small intestine was colonized with anaerobic organisms. The bowel habit in the 32 patients with diarrhoea was no different in those who had had a pyloroplasty compared with those with a gastroenterostomy. The diarrhoea was a daily occurrence in eight (25 %) and in 24 (75 %) it was of an episodic nature; in three of the latter diarrhoea alternated with periods of relative constipation. In the patients with daily diarrhoea the mean number of motions was 4.1 per day (29 per week). In the others, between the attacks of diarrhoea, the mean number of motions was 8.7 per week. The 24 patients without diarrhoea had a mean number of 6.8 bowel motions per week which was similar to their preoperative habit of 6-9 bowel motions per week.
Discussion
The upper small intestine normally contains few microorganisms (Cregan and Hayward, 1953; Donaldson, 1964; Drasar et al, 1969) . Following vagotomy and drainage there is an anatomical disturbance, a changed pattern of gastric emptying, and reduction in acid secretion (Gillespie, Clark, Kay, and Tankel, 1960) ; each, or all, of these changes may allow an overgrowth of faecal type organisms (Donaldson, 1964; Tabaqchali, 1970) . This is particularly liable to occur when the drainage procedure is gastroenterostomy, presumably due to the production of a potential 'blind loop'. It might be expected that patients with postvagotomy diarrhoea would have a higher incidence of colonization with faecal type organisms, but the incidence of colonization in such patients was no higher than in controls and, although 'anaerobic colonization' was more common, statistical significance was not reached. This confirms previous reports on small numbers of patients (Dellipiani and Girdwood, 1967; Tinker, Hoffbrand, Mitchison, Tabaqchali, and Cox, 1971) . In the first two postoperative weeks, Clostridium welchii has been particularly implicated (Howie, Duncan, and Mackie, 1953) , but a more recent quantitative study has not confirmed this (Browning et al, 1969) , and in the present study, on average four years following surgery no single pathogenic organism could be isolated.
The presence of a faecal type flora in association with steatorrhoea following gastric surgery was first reported by Goldstein, Wirts, and Kramer (1961) . Subsequent quantitative studies following gastrectomy have not confirmed this finding (Wirts and Goldstein, 1964; Tabaqchali and Booth, 1966; Dellipiani and Girdwood, 1967; Gorbach and Tabaqchali, 1969) nor was it confirmed after vagotomy and gastroenterostomy (Dellipiani and Girdwood, 1967) . The present study has sought, for the first time, to correlate the faecal fat excretion and the small intestinal flora in patients with diarrhoea following gastric surgery. Though 13 of the 32 patients in this study with diarrhoea had a faecal fat excretion above 7 g per day, no simple correlation could be made between this and the small intestinal flora.
'Anaerobic colonization', in particular with Bacteroides, has been implicated in the causation of steatorrhoea (Gorbach and Tabaqchali, 1969) , and it has been suggested that this is due to the ability of this organism to deconjugate bile salts (Drasar, Hill, and Shiner, 1966) . In our patients a mean faecal fat excretion of 6-0 ± 2-7 g per day in patients with an anaerobic flora was essentially similar to the level of 7-2 ± 1.3 g per day in the non-colonized patients. Despite strict anaerobic conditions we did not isolate Bacteroides. This would support the work of others (Gorbach and Tabaqchali, 1969; Drasar and Shiner, 1969) who have particularly sought for these organisms in related conditions and found no close correlation. In addition Tinker et al (1971) could not detect free bile salts in patients with postvagotomy diarrhoea.
The patients with postvagotomy diarrhoea had a mean faecal fat excretion at the upper limit of normal, almost half of the patients having raised levels. A similar incidence has been reported following truncal vagotomy and either a gastroenterostomy (Cox, Bond, Podmore, and Rose, 1964) or a pyloroplasty (Wastell and Ellis, 1966) . The associated increase in the bulk of these stool motions might be expected to be reflected symptomatically in the severity of the diarrhoea, but no correlation was found between the level of steatorrhoea and this symptom. Other workers (Wastell and Ellis, 1966; Williams and Irvine, 1966) similarly found no correlation between those patients with an altered bowel habit but no diarrhoea, and the level of faecal fat excretion. Tinker et al (1971) , however, showed that the mean faecal fat excretion in seven patients with diarrhoea was statistically significantly higher than in 13 patients without diarrhoea; only one of the group with diarrhoea had a normal level.
Investigation of postvagotomy diarrhoea has occasionally brought to light associated small intestinal mucosal disease (Franklin, 1970 ) but investigation of patients with self-limiting diarrhoea in the first six postoperative weeks has not revealed any mucosal abnormalities (Bejar, Breitman, and Zamcheck, 1968) . In this study no mucosal abnormalities were detected in patients with diarrhoea, on average four years following surgery.
We have found a significant correlation (p < 0-05) to exist between the mean maximal acid output and colonization of the upper small intestine. This must be qualified by the fact that not all the patients with low levels of acid secretion were colonized, and vice versa. This latter finding is in agreement with the work of Greenlee, Vivit, Paez, and Dietz (1971) two months following truncal vagotomy and antrectomy. A reduced gastric acid secretion may therefore, it would seem, require to be associated with some additional factor such as local stasis before colonizaation ensues.
So far, any long-term effect of colonication in patients with vagotomy and drainage has not been shown. Haematological abnormalities develop with increasing frequency and severity with the passage of time in patients following gastric surgery (Booth, 1967) . No patient in this study, with or without diarrhoea following vagotomy and drainage, had low serum vitamin B12 values, but investigation was perhaps too soon after operation for deficiency to develop (Wintrobe, 1967) . Two patients were noted to have a hypochromic microcytic anaemia, associated with a gastroenterostomy five years previously. In both, the upper small intestine was colonized with anaerobic organisms. An irondeficiency anaemia is well recognized to occur following vagotomy and drainage and Wastell (1969) has shown that gastroenterostomy was more frequently implicated than pyloroplasty. Achlorhydria is known to reduce the amount of dietary iron available for absorption (Wintrobe, 1967) but neither of our patients was achlorhydric. The role of bacteria in the causation of iron malabsorption has not yet been clearly documented (Tabaqchali, 1970; Gracey, 1971) , but clearly merits further investigation. A clinical follow up of other colonized patients would appear justified.
